Blind multichannel deconvolution is a demanding technology in modern signal processing field. The proposed algorithm is based on two cascaded Kalman filter. The first Kalman filter performs the blind identification of the multichannel impulse response using the cross-correlation condition; the second Kalman filter carries out the deconvolution process. The two Kalman filters are unified into a common iteration period, so the blind multichannel deconvolution is adaptively executed. Simulation shows that the proposed algorithm works well.
INTRODUCTION
Blind multichannel deconvolution is a demanding technique for both communication signal and audio signal processing. For instance, for the enhancement of speech intelligibility in reverberant rooms, such as in the applications of hands-free telephone, teleconference and human-machine interaction, deconvolution is needed to depress the reverberant effect of rooms [1] [2] [3] [4] [5] [6] [7] . Blind multichannel deconvolution implies that source signal and room (system) impulse responses are unknown, the received multichannel signals are used to realize bind multichannel deconvolution.
Blind multichannel deconvolution is usually composed of two steps. The first step is the blind identification of multichannel impulse responses (MIRs) from the received multichannel signals; the second step is the implementation of deconvolution to recover the source signal. Approaches of blind MIRs estimation exploit the cross relations among the received multichannel signals [3] [4] [5] [6] [7] . These approaches can be approximately classified into adaptive [3] [4] [5] [6] [7] and non-adaptive algorithms [8] . However, adaptive algorithms have attracted much attention in recent years because of their computational efficiency and their inherent time-tracking ability to the MIRs changes.
In the following, we consider combining the Kalman filter based MIRs estimation approach with a Kalman filter based deconvolution approach to form a real-time blind deconvolution algorithm.
BLIND IDENTIFICATION OF MIRs WITH KALMAN FILTER I
Multichannel output signalsx 1,2, . . , ) can be modeled as the outputs of a time-invariant FIR SIMO system (single-input multiple-output):
Where ( ) s n is the unknown source signal; h n i 1,2, . . , N are the MIRs of a length L; v n is the observation noise. The task of blind multichannel identification is to estimateh n from the observed signals.
Whatever the MIRs are, the noise-free cross-relation (CR) between any pair of the output signals holds as follows:
Where * denotes the convolution operator. It is proved that if the MIRs are coprime in z-domain, blind multichannel identification is possible on the basis of the CR condition [2, 3] .
The multichannel identification problem is expressed in state space with process equation and measurement equation [5] :
The process equation:
The measurement equation:
Where h n h n , h n , … , h n is the state vector( h n represents theith channel impulse response vector h 0 , h 1 , … , h L 1 at time n); F n 1, n I (I is an LN-by-LN identity matrix) is the state transition matrix;v n and v n are the process noises (of correlation matrix Q ) and measurement noises (of correlation matrix Q ), respectively; The measurement matrix C n is define in equation (5)whose elements x n x n , x n 1 , … , x n L 1 .
Furthermore, according to the CR condition, there is the 1 /2 by 1zerovector series:
DECONVOLUTION WITH KALMAN FILTER II
Generally, MIRs are non-minimum phase systems, inversive filtering for deconvolution cannot be directly implemented, because the inverse systems are unstable, so Kalman filter is exploited to overcome such a difficulty. Let X n x n , x n , … , x n be the observation vector; S n s n , s n 1 , … , s n L 1 the state vector and H n h n , h n , … , h n the measurement matrix which is the rearrangement of the state vector of Kalman filter I, then the process and the measurement equations for the second Kalman filter are as follows:
Whereu n and u n are the process white noise of correlation matrixσ and the observation white noise of correlation matrix σ respectively for the second Kalman filter;the state transition matrix is defined as,
In addition, , 1 1, .
BLIND DECONVOLUTION WITH TWO CASCADED KALMAN FILTERS
For each iteration of the blind deconvolution algorithm, the two Kalman filters are performed one after another. The signal-flow graph of the algorithm is shown in Figure 1 . The big dashed-line rectangle shows that the blind deconvolution process includes blind identification of MIRs and deconvolution (i.e. inverse filtering), this makes for the tracking of time-varying multichannel system.
The proposed blind multichannel deconvolution algorithm based on two cascaded Kalman filters is summarized in table I. was used as the source signal. The multichannel impulse responses are generated randomly. White noises are added to the multichannel output signals whose signal-to-noise ratios (SNR)are under controlled. The performance of the proposed algorithm was test for different number of channels of different length of MIRs at different level of SNR, it is found that the algorithm works well for high level SNR (>30 dB) multichannel signals, it performs better for higher SNR signals and bigger channel number. The result of 100 Monte Carlo simulations is given as follows.
Channel number isN=4; the length of randomly generated MIRs isL=22; the SNR of the multichannel output signals is set as SNR=50 dB.
After the convergence of the algorithm, the deconvolved signal is aligned with the source signal to compute the correlation coefficient, the mean correlation coefficient of 100Monte Carlo simulation reaches 0.9999872. This result proves that the deconvolution is successful.
Similar results were also reached for different channel number and different length of MIRs. In general, the bigger the channel number is, the more noise robust the deconvolution process is.
